Objectives. SLE is a systemic autoimmune disease with an annual incidence of 3.8 per 100 000. Several pathogenic mechanisms are believed to be operating in SLE, including an impaired clearance of apoptotic cells, activation of the type I IFN pathway and generation of autoimmune leucocytes. Growth arrest-specific protein 6 (Gas6) and its receptor Axl are known to regulate inflammation and may be implicated in lupus pathogenesis. We have recently developed immunological methods to quantify the vitamin-K-dependent protein Gas6 and its soluble receptor sAxl in human plasma, which we have used to investigate the role of Gas6 and soluble Axl in SLE.
Introduction
SLE is a systemic autoimmune disease with complex clinical manifestations affecting 27.7 of 100 000 of the population, according to a study performed in Birmingham, UK: a large city with a broad ethnic mix [1] . The disease is characterized by the presence of ANAs [2], deficient clearance of apoptotic debris [3] and over-activation of the type I IFN genes [4] . Peripheral blood mononuclear cells from SLE patients have an increased expression of IFN-regulated genes [5] .
It has been shown that pre-incubation with Growth arrest-specific protein 6 (Gas6) can decrease the secretion of pro-inflammatory cytokines of dendritic cells [6] . Gas6 up-regulates suppressor of cytokine signalling-1 (SOCS1), decreasing the response to inflammatory stimuli [7] , implicating Gas6 as a potential regulator of SLE pathogenesis.
Gas6 was originally found as a protein produced by growth arrested fibroblasts [8] . It is structurally related to the anticoagulant protein S, sharing its domain organization and 44% of amino acid identity. While protein S has been shown to be an important regulator of the coagulation cascade, Gas6 has not, so far, been shown to influence coagulation in humans. However, according to studies of Gas6 À/À mice, Gas6 is suggested to stimulate platelet-dependent primary haemostasis reactions [9] . Gas6 has been found to be present in human circulation at low levels (0.160.28 nM) [10] . It reacts as an acute-phase reactant and is increased during sepsis [11, 12] and pancreatitis [13] . Gas6 binds to the Axl tyrosine kinase receptor [14] , which results in activation of the PI3K [15] and ERK kinase pathways and increased proliferation and survival [16] . The Axl receptor tyrosine kinase was originally found as an over-expressed gene in leukaemia cells, but is expressed in a wide variety of cells [17] . High Axl expression is a marker of negative prognosis for glioma [18] and kidney cancer [19] .
We have recently shown that a soluble form of Axl, consisting of the extracellular part of the protein, is present in normal human serum at sub-nanomolar concentrations (0.30.9 nM) [20] . The soluble Axl (sAxl) is bound to Gas6 in serum, which suggests circulating Gas6 to be inactive because sAxl binding to Gas6 has been shown to inhibit Gas6-mediated activation of cell-bound receptors in vitro [21] and in vivo [22] . In this study, we show that Gas6 and sAxl concentrations correlate to disease activity in SLE, particularly in cases with lupus nephritis, indicating that both Gas6 and Axl may have a role in the disease.
Materials and methods

Patients
The 96 SLE patients included in the study were recruited from 1985 to 2005 at the Department of Rheumatology, Lund University, Lund, Sweden. There were 11 men and 85 women in the study, all fulfilling four or more ACR classification criteria [23] . The mean disease duration at the time of the study was 10 years and the mean age at SLE diagnosis was 35 years. Disease activity was evaluated using SLEDAI-2K [24] , and DNA antibodies were detected with Crithidia luciliae IF test. EDTA plasma were collected and stored in aliquots at À80 C until tested. Evaluation time points were selected with the objective of including a wide range of manifestations and SLEDAI scores, also including nine patients without evidence of active disease. The ACR criteria fulfilled are summarized in Table 1 . The different manifestations of disease that were present at the time of blood sampling are summarized in Table 2 . The mean SLEDAI score was 8.7 (range 032). Out of the 96 patients, 69 were treated with glucocorticoids, 49 were treated with anti-malarial drugs, 20 with AZA, 13 with warfarin, 5 with ciclosporin, 3 with CYC, 3 with immunoglobulin, 2 with MMF and 1 with tacrolimus. As warfarin affects Gas6, we considered the possibility of excluding warfarin-treated patients from the study. However, the warfarin-treated patients did not have SLEDAI scores significantly different from the other treated patients, and the correlations reported were valid even when excluding the warfarintreated patients. Therefore, these patients were included in the study. All the patients gave written consent to the study, which was approved by the Regional Ethical Review Board in Lund.
ELISAs
The ELISAs for Gas6 [10] and sAxl [20] have been described earlier. In short, maxisorp plates (Dako, Glostrup, Denmark) were coated with a polyclonal antibody to respective antigen before blocking with 3% fish gelatin in 50 mM Tris, 150 mM NaCl, pH 7.5 [Tris-buffered When comparing pairs of samples, the Wilcoxon signed rank test was used. As there is no consensual way to correct for multiple testing with dependent variables, P < 0.01 was considered statistically significant to reduce the risk of accepting false hypotheses. The results of the initial exploratory analysis using this significance level (Tables 3 and 4) were further analysed by multivariate analyses, using methods mentioned above.
Results
All patients with low SLEDAI score (<3) had Gas6 concentration below the upper normal level, and 18 of 20 patients with low SLEDAI had sAxl within the normal range determined in healthy controls, as described [10, 20] . However, we noticed a statistically significant correlation between SLEDAI score and concentrations of Gas6 (P < 0.0001, r = 0.48, n = 96) and sAxl (P = 0.0001, r = 0.39, n = 94) ( Fig. 1A and B ). Gas6 and sAxl correlated strongly to each other (r = 0.57) and both were positively correlating to sedimentation rate (r = 0.44 and r = 0.48) and CRP (r = 0.30 and r = 0.32), and inversely to haemoglobin (r = À0.48 and r = À0.51). Gas6 correlated inversely with leucocyte count (r = À0.39). There was a trend of a negative correlation between Gas6 and C3-and a similar trend for sAxl-but there were no correlations to creatinine clearance, C4, C1q or age (Table 3 ). The parameters giving the significant correlations of Table 3 were subjected to multiple regression analysis. When Gas6 was used as dependent variable, sAxl was the only highly significant independent variable (P < 0.0003).
In 45 patients, samples from two time points, one with higher and one with lower disease activity, were available. Median and range of SLEDAI was 10 (332) and 0 (012) in the high and low SLEDAI group, respectively. The mean Gas6 concentration was 0.21 nM for the high SLEDAI group as compared with 0.16 nM for low SLEDAI group (P = 0.0003, n = 45). For sAxl, the corresponding concentrations were 0.92 and 0.81 nM, respectively (P = 0.027, n = 42) ( Fig. 2A and B) .
We evaluated the correlation between Gas6 and sAxl concentrations and active SLE manifestations. High Gas6 and sAxl were observed in the 24 patients with GN (P < 0.001 for both, Fig. 3A and B) ; in 21 patients, a biopsy was taken and in 18 of the patients, World Health Organization classes 3 or 4 were found. High Gas6 was also observed when anti-DNA antibodies, leucopenia or rash was present, and there was a trend of higher Gas6 in patients with vasculitis. Higher sAxl concentrations could be observed when anti-DNA antibodies or leucopenia was present. There was a trend to higher sAxl in patients with serositis and vasculitis and lower sAxl in patients with arthritis (Table 4 ). The significant variables in Table 4 were analysed with ANOVA. In the ANOVA analysis of Gas6, GN (P = 0.0013) and leucopenia (P = 0.0059) were the only independent factors. In the sAxl ANOVA analysis, only GN remained independent (P = 0.0009).
Discussion
We have determined the Gas6 and sAxl concentrations in a number of SLE patients in relation to disease phenotype The correlations were estimated using the Spearman's rank correlation test. The highly significant correlations (SLEDAI, haemoglobin, leucocytes, sedimentation rate, CRP and sAxl) were analysed by multiple regression.
and activity. Both Gas6 and sAxl correlate with the overall disease activity measured by SLEDAI-2K and increase during periods of higher disease intensity. Gas6 and sAxl correlate with sedimentation rate and CRP, indicating a role linked to inflammation. Gas6 and sAxl plasma concentrations are higher in patients with active GN, but Gas6 or sAxl did not correlate to creatinin, C1q or C4. Recently, Suh et al. [25] reported on a study in which Gas6 was measured in patients with SLE. In agreement with our results, they found the concentrations of Gas6 in SLE patients to be similar to those of controls. They found slightly higher Gas6 levels in a small number of patients with neurological disease but apart from that found no association between disease activity and Gas6 levels. Our study includes twice as many patients as that of Suh et al. [25] and contains patients with a wide variation in symptoms, which may contribute explanation to the difference in results. Interestingly, Gas6 and Axl have been implicated to be important in experimental GN (Gas6 À/À mice are protected) [22] , as well as diabetic and nephrotoxic nephritis [26, 27] . Whether Gas6 has a role in the pathogenesis of SLE-associated GN remains to be determined. Gas6 signalling can have several effects, related to both the initiation of inflammation and the regulation of established inflammation. Gas6 has been shown to decrease the levels of secreted cytokines by dendritic cells [7] , and warfarin treatment or Axl-Fc can decrease the symptoms of GN in mice [22] . Differences in Gas6 and sAxl levels were evaluated with the MannWhitney U-test. The highly significant variables were analysed further with ANOVA.
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In conclusion, this study suggests that both Gas6 and sAxl concentrations correlate with the SLE disease activity and are increased in patients with anti-DNA antibodies, leucopenia and GN. Gas6 and sAxl may be useful additions to the panel of biomarkers of SLE disease activity.
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. Plasma Gas6 and sAxl correlate with SLEDAI score in SLE patients. . Gas6 and sAxl are increased during GN and when anti-DNA antibodies are present.
FIG. 2
Concentrations of Gas6 (A) and sAxl (B) in the same patient at high and low SLEDAI scores. Each patient is represented by one dot in each column, the dots between columns being interconnected by a line. The level of significance is P = 0.0003 for Gas6 and P = 0.0271 for sAxl.
FIG. 3
Distribution of Gas6 (A) and sAxl (B) concentrations in patients without and with GN (70 and 24, respectively). Both are significant using the MannWhitney U-test, P < 0.001 as indicated by the triple asterisks.
